There has been a great deal of discussion as to which treatment course is most helpful in ensuring maximum neurologic improvement after a cervical spinal cord injury.8,9,17,22 Arguments for early surgical intervention in patients with documented cord compression are based on the knowledge that patients may worsen neurologically after spinal injury because of progression of edema, hematoma formation, or the effects of unrestrained immobility. In contrast, arguments for delaying surgical intervention are predicated on the presumption that there will be fewer physiologic complications in a maximally medically stabilized patient. In addition, cord swelling may also subside, considerably decreasing the potential for iatrogenic cord injury during a cervical decompression.
There have been numerous retrospective studies to determine whether neurologic outcome is best after early versus late surgical treatment for cervical spinal cord injury. 1, 5, 12, 14, 16, 18, 21, 26 There is, however, a lack of controlled, randomized, prospective studies in regard to this important question. The purpose of this prospective study was to determine whether patients who are treated early surgically manifest an improved neurologic outcome over those treated later. It is the hypothesis of this group that early surgical decompression affords an improved physiologic environment for maximal neurologic improvement.
A subsequent report will discuss the differences in morbidity and cost between early and late surgical intervention.
Methods
A randomized, prospective, controlled study was conducted at the Regional Spinal Cord Injury Center of the Delaware Valley (RSCICDV) between October, 1992, and November, 1995. A total of 123 patients with cervical spinal cord injury were admitted during this time. Sixty-four patients met the inclusion criteria and consented to the study. The inclusion criteria were 1) patients with an American Spinal Injury Association (ASIA) impairment scale of A-D, neurologic level of C3-T1, and a minimum age of 15 and maximum age of 75 years; 2) patients admitted within 48 hours of spinal cord injury to allow for scheduling surgery within 72 hours of the spinal cord injury; 3)
cervical spinal cord injury due to an acute traumatic event with radiographically documented cord compression due to cord encroachment by anterior vertebral body elements, disc material, or posterior vertebral elements as a result of fracture subluxation or dislocation; and 4) patients able to read and understand the nature of the study and give informed consent. The exclusion criteria were 1) there could be no other associated surgical or orthopedic injury that interferes with the neurologic examination; 2) there could be no head or neurologic injury that precluded surgery or neurologic assessment; 3) there could be no cervical spinal cord abnormalities due to other disease processes (e.g., multiple sclerosis or preexisting cervical myelopathy aas a result of severe cervical spondylosis without trauma); 4) there could be no concurrent illness that would interfere with surgery; and 5) patients with worsening neurologic condition with blood, disc material, or bone fragment in the spinal canal were excluded. All patients underwent preoperative magnetic resonance imaging.
Patients were randomized to either an early surgical group (surgery performed < 72 hours after spinal cord injury) or a late surgical group (surgery performed > 5 days after spinal cord injury).
Patients were randomized by an independent project coordinator who drew the designated treatment times by lottery. The coordinator then notified the surgeon of the specific treatment plan after the patient was evaluated and met the inclusion criteria. Patients in the late group were scheduled for surgery at an elective time period greater than 5 days as dictated by their coexisting medical issues. Patients who participated in this study did not undergo a traction reduction before their surgical procedure. All patients were immobilized either in a collar, on a Roto Rest bed, or in a halo vest in the preoperative period. All patients were treated with steroids according to the Second National Acute Spinal Cord Injury Study protocol, which included a methylprednisolone bolus of 30 mg/kg throughout 15 minutes followed by 5.4 mg/kg/hour for the next 23 hours.3 Surgical intervention consisted of relieving pressure on the spinal cord through a decompressive and stabilizing procedure or a stabilization procedure alone. Data collected were analyzed for age, gender, number of days before surgery in the acute hospital setting, number of postoperative days in the acute hospital setting, number of days in rehabilitation, number of days to most recent follow-up, motor score on admission to the acute hospital, motor score on admission to rehabilitation, motor score on discharge from rehabilitation, and motor score at most recent follow-up. Motor and sensory examinations were performed at admission to the acute hospital, at 72 hours postadmission, immediately after surgery, on admission to rehabilitation, on discharge from rehabilitation, and at the most recent follow-up. Our study used a standardized neurologic examination form that was adapted from the ASIA criteria. The information collected included manual muscle test scores of all key muscles, sensory examination of pin prick and touch, sacral and deep tendon reflexes, and muscle tone evaluation. The Frankel grade, motor scores, and neurologic level were also noted. The groups were then compared with each other with respect to the aforementioned data points. The motor scores were analyzed using the Mann-Whitney U test.
Mechanisms of injury (Table 1 ) and surgical procedures (Table 2) were also recorded. 
Results
The early and late groups were age and gender equivalent. In addition, there were no statistically significant differences in motor score on admission between the groups (chi-square analysis). There were 34 patients (24 men, 10 women) in the early group with an average age of (Table 3) .
One patient in each group died during the acute postoperative period. Two patients from the early group and four patients from the late group did not go to rehabilitation. Eleven patients in the early group and nine in the late group failed to return for follow-up after discharge from the rehabilitation center. Changes in Frankel grade from admission to the acute hospital to discharge from the rehabilitation center were not statistically different (Figures 1 and 2) . Because a significant percentage of individuals from each group failed to return for follow-up, these data are not included in the figures. The large standard deviations in motor score support the analysis that there is no statistical difference between the two groups. A preliminary review of statistics on the possible differences in frequency of specific morbidities between the early and late surgical groups suggests that they are not significantly different. Preliminary numbers regarding differences in cost, however, suggest that the late group had an increased cost, presumably because of the greater number of days spent in the acute hospital. Two subsequent studies by this group will examine these issues in greater detail.
Discussion
Controversy exists as to the timing of surgery after cervical spinal cord injury.4,18,21 Recent retrospective studies suggest that earlier surgical decompression results in improved neurologic outcome without an increase in systemic complications. 22 Based on these findings, our original hypothesis was that early surgical decompression would result in improved neurologic return compared with late decompression in cervical spinal cordinjured patients. Further observations supported our hypothesis as well. The sequence of pathologic changes in neural tissue is known to progress rapidly within the first 8 hours of injury,3,24 and if surgery is hoped to improve neurologic function, it may be best to carry it out soon after spinal cord injury and before neuropathologic changes have become established.26 In addition, patients with spinal cord injuries immediately after trauma are presumably in better physiologic condition than they usually are a week or so later because of the potential risk for development of morbid medical sequelae such as atelectasis, pneumonia, deep vein thrombosis, and renal insufficiency. Early surgery would also create the opportunity for an earlier start of the rehabilitation process, thereby decreasing overall expenses. Logistically, however, early intervention may be precluded by the admitting medical facilities' lack of intensive care capability and experienced personnel required to perform such surgery, necessitating the patient's transfer to a specialty referral center and thereby delaying surgery.14 Arguments against early treatment exist as well. A multicenter, retrospective review by Marshall and associates 17 found that a small but greater percentage of patients worsened after early surgery (<5 days) for spinal cord injury. They cautioned against operating before this period. Heiden and associates,9 in a review of cases of spinal cord injury in southern California, also concluded that operation before 1 week was associated with neurologic worsening. Jonsson et al 12 and Marshall et al 16, 17 concluded that delaying surgery in this injury population allows those patients in whom neurologic deterioration may spontaneously develop to be identified and treated appropriately, and allows patients to stabilize medically before surgical decompression.
Our findings in this study differed from our original hypothesis. We found that there was no statistical difference in neurologic recovery between the early and late surgical groups.
There are several weaknesses in the methodology of this study. Although we believe our findings are important in establishing no neurologic benefit to patients operated on less than 72 hours after injury (average, 1.82 days), it is possible that some improvements, although not yet established, may occur if surgical decompression is afforded within 8 hours of injury. Bracken and colleagues evaluated the efficacy of methylprednisolone in a multicenter, randomized, placebocontrolled trial on patients with acute spinal cord injury. They found that patients treated with methylprednisolone within 8 hours of injury had a significant recovery of motor function at 6 weeks and 6 months after injury compared with the placebo control group. This was found to be true among both plegic patients and patients with paresis. In contrast, patients treated with methylprednisolone later than 8 hours from time of injury showed no significant difference in neurologic recovery compared with the placebo control group.3 In view of these findings, our early group (with an average time to surgery of 1.8 days) may not in fact have been "early" enough to fit within the apparently very narrow window of time for optimal neurologic recovery.
The timing of early decompression (i.e., 72 hours) was originally implemented because of the tertiary nature of our referral patterns, resulting in most of the patients being more than 24 hours out from injury. We have now begun a prospective study, with the cooperation of our affiliated institutions, that randomizes cervical spinal cord injury patients who arrive at our center less than 8 hours after injury to early (<8 hours) or late decompression (>5 days). In addition, in a recent study, Herbison et al 10 found further evidence to support theories that manual muscle testing (MMT), as was used in our study and is the norm suggested by ASIA, may be inferior to measurements done with a hand-held myometer (MYO), as was described by Scott and associates.23 Their rationale is that for a patient to receive a grade of 3.0 by MMT, the muscle needs only a relatively small fraction of motor neurons to function properly.10 In contrast, strength grades of greater than 3.0 require a disproportionately greater number of active motor neurons.25 This leads to a relatively insensitive method of measuring changes in muscle strength by subjectively grouping them into muscle grades. Through the use of MYO, subtle changes in muscle strength can be perceived that cannot be detected by MMT. In numerous other studies, researchers supported the use of MYO as an effective method of sensitive muscle strength testing.2,11,15,20 Therefore, our data may be inaccurate because of our method of motor measurements.
In conclusion, it appears that there is no significant benefit in terms of neurologic or functional level in patients treated less than 72 hours, as opposed to those treated greater than 5 days, after cervical spinal cord injury.
